Introduction
Dynamic muscular control of knee joint alignment, specifically differences in muscle recruitment, firing patterns and strength, may be partly responsible for the sex differences in the incidence of ACL injury (Myer et al., 2010) . It has been postulated that the hamstrings reaction time is one of the most important primary risk factor associated with ACL tears 5 (Shultz and Perrin, 1999) . Considering the time lapse and the need to develop sufficient muscle tension rapidly enough to provide dynamic knee stability, electromechanical delay (EMD) should be considered when evaluating muscular responses to an imposed perturbation or injurious stress (Yavuz et al., 2010) . Specifically, longer hamstrings reaction times may negatively influence the muscle´s ability to quickly stabilize the knee against the large motor control strategies alter muscle activation in response to situations that load the knee (Shultz and Perrin, 1999) . EMD is defined as the time between the onset of muscle activity and the onset of force generation by that muscles contraction (Zhou et al., 1995) . It is related 15 to the rate of muscle force production and is also considered an indirect measure of muscletendon unit stiffness (Blackburn et al., 2009 ).
Winter and Brookes, (1991) have reported that the EMD of the soleus muscle during plantar flexion and elastic charge time were shorter in men than in women whereas for total reaction 20 time, pre-motor time and force time no significant sex differences were observed. Zhou et al. (1995) found significantly longer EMD values in females compared to males from as young as 8 years-old. More recently Inglis et al. (2013) and Kim et al. (2011) reported significantly longer EMD in females compared to males during isometric actions. One study has also demonstrated significantly longer EMD in females compared to males after passive stretching, albeit the absolute difference was only 4% (Costa et al., 2012) . Longer EMD in females may be as a result of differences in muscle composition; however, current limited evidence suggests that differences in muscle composition are not sufficient to account for the sex differences (Blackburn et Given the essential eccentric role that the hamstrings play in stabalizing the knee it is important for functional relevance to examine the EMD of the hamstring during eccentric muscle actions. Therefore the purpose of this study was to examine the sex associated difference in EMD during eccentric actions of the hamstrings over a range of movement velocities.
Methods
One hundred and ten healthy participants consisting of 55 males (age 29±5y, stature 1.82±0.07m, body mass 82±7kg) and 55 females (age 27±6y, stature 1.61±0.08m, body mass The assessments of EMD of the dominant limb were performed using a Biodex System-3 isokinetic dynamometer (Biodex Corp., Shirley, NY, USA) and a wireless 8-channel Delsys electromyography telemetry system (Delsys Myomonitor III, Delsys Inc., Boston, MA,
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USA). The dynamometer and EMG data were interfaced by feeding the analogue data directly from the dynamometer in to the Universal Input Unit via a trigger box and were displayed online on a computer using dedicated software (Delsys, Boston, MA). This system allowed for the dynamometer data to be converted to a digital signal in parallel with the EMG signal; consequently both data sets were collected in synchrony before processing by the 90 EMG software (EMG Works 2, Delsys, Boston, MA). Therefore, this method allowed that the data from the EMG and dynamometer were completely time aligned making it possible to determine the onset of surface EMG activity in relation to the onset of torque production.
Before and after the testing procedure commenced, the dynamometer and the EMG device were calibrated according to their respective manufacturer's instructions to assure that no and (b) a prone position replicates the knee flexor and extensor muscle length-tension relationships which occurs in the late phase and the early contact phase of sprinting, and when landing or pivoting, which is when the ACL experiences its greatest rate of loading (Worrell et al., 1989 (Worrell et al., , 1990 ).
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The axis of rotation of the dynamometer lever arm was aligned with the lateral epicondyle of the knee. The force pad was placed approximately 3 cm superior to the medial malleolus with the foot in a relaxed position. Adjustable strapping across the pelvis, posterior thigh proximal to the knee and foot localised the action of the musculature involved. The range of movement 110 was set from 90° knee flexion (initial position) to 0º (0º was determined as maximal voluntary knee extension for each participant). All settings, including seat height, seat length, dynamometer height and lever arm length, were noted during the practice session so that they were identical throughout experimental trials. include two within-subjects factors: knee angular velocity, hamstring muscle, and a between-170 subject factor of sex. Significant main effects were further examined using Bonferronicorrected post hoc t-tests. The significance level was set to p ≤0.05.
Results
EMD by muscle group and sex can be seen in table 1 below. *** Table 1 Here***
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For each of the individual hamstring muscles, the interaction effect of joint angular velocity and sex was not statistically significant ( Figure 1 ). The main effect of joint angular velocity was significant, indicating an increase in EMD with increasing joint angular velocity. No significant differences were observed between males and females at each of the three angular velocities. from the muscle tendon unit to bone, which could facilitate the performance of explosive movements, such as jumping. The reason why we may have found differences to studies that demonstrate a sex differences in EMD might be attributed to the fact that EMD is influenced by: 1) the type of muscle action; 2) joint angle; 3) the effort level; 4) fatigue; and 5) the age and sex of the participants (Shultz and Perrin 1999).
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Seeing as well-timed activation of the hamstring muscles can protect the ACL from mechanical strain by stabilising the tibia and reducing anterior tibial translation, the speed of this activation is vital for the subsequent joint stability. Given that we found no sex differences in voluntary EMD suggests that there are no differences in the voluntary neural aspect of the delay between men and women. Electromechanical delay is also considered to 215 be influenced by stiffness (e.g muscle-tendon mechanics) (Kubo et al. 2001 ) and fibre type distribution (Viitasalo & Komi, 1978) and the lack of a sex difference would suggest that both these parameters are not different in males and females. The reason why we have found differing results to other may be attributed to the assumption that EMD is related to tendon stiffness, however, Wilson et al (1994) suggested that there is no relationship between 220 muscle-tendon unit stiffness and eccentric force production. The EMD values found in the current study at 60º/s are similar to those previously reported by Inglis et al (2013) during isometric actions for both males (26ms vs 25ms) and females (34ms vs 27ms). It is important to note that EMD is reflective of neuromuscular feedback mechanisms and whether sex differences are apparent in neuromuscular feedforward mechanisms remains to be identified.
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Indeed ? et al. suggest that short, medium and long latency reflexes are essential to help provide joint stability and control during landing and cutting movements. Further investigation into low-threshold receptors in the cruciate ligaments is important, as these may influence the sensitivity of the muscle spindle, and provide preparatory stiffening of the muscle before excessive loading (Shultz and Perrin 1999) .
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Previous studies have suggested that females disproportionately fire the lateral versus medial hamstring and that a distal to proximal firing pattern predominates (Rozzi et al., 1999; Shultz et al., 2000) . However, the findings from the current study demonstrate no sex differences in medial and lateral hamstring EMD during eccentric muscle actions, and over a range of limitation of the current study, is that the role of the hip abductors/adductors or gluteal muscles was not explored. Ethically it is difficult to explore the role of gluteals but future research is necessary in order to investigate the neuromuscular response of both the hip musculature and core muscles.
increase in the EMD in all hamstring muscles with increasing angular velocity, irrespective of sex or time. These results suggest that neuromuscular functioning of the hamstring muscles, with increasing angular velocity, is reduced and may limit dynamic knee joint stability, potentially contributing to the greater ACL injury risk. It has previously been suggested that EMD will vary substantially due to the characteristics of the muscles being tested (e.g. sporting performance and that non-contact ACL injury may be velocity dependent.
Given the many injury risk factors experienced by females, habituated exposure to scenarios where knee joint control may be under threat might condition the neuromuscular system of the healthy female athlete at functional joint angles. The subsequent formation of preprogrammed responses that provide fast compensatory reactions to joint perturbations
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(Latash, 1998) may quickly harness the SEC and account for the parity in EMDV performance observed between the sexes at baseline. Under conditions of muscle fatigue and sustained loading, however, this capability may be diminished due to a reduction of the effectiveness of the fastest most powerful motor units, impairing the temporal capability of the muscle to 'gather in' a more compliant SEC.
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In conclusion, the current study is the first to identify no significant sex differences in EMD of the hamstrings during eccentric muscle actions. The current study's finding would suggest that neuromuscular hamstring function in females does not limit dynamic knee joint control, or contribute to the greater ACL injury risk in females. These data would suggest that other risk factors may play a greater role in the increased relative risk of injury in female athletes,
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and these factors should be targeted in both screening and prevention programmes. 
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